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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Diode characterized by providing Si substrate, Si film of the 1st conductivity type by 
which laminating formation was carried out on this Si substrate, and the SiGe film of the 2nd 
conductivity type by which laminating formation was carried out on this 1st conductivity-type Si 
film. 

[Claim 2] Diode characterized by providing the SiGe film of the 2nd conductivity type by which 
laminating formation was carried out on Si substrate, Si film of the 1st conductivity type, Si film 
that has Si film or high resistance which is the 1st conductivity type and lowered impurity dope 
concentration rather than said 1st conductivity-type Si film, and Si film which has Si film or high 
resistance which lowered this impurity dope concentration. 

[Claim 3] Claim 1 characterized by being larger than 2.5 atom % and making germanium 
concentration in the SiGe film of said 2nd conductivity type under into 15 atom %, or diode of 
any 1 publication of 2. 

[Claim 4] Claim 1 characterized by being larger than 2.5 atom % and making germanium 
concentration in the SiGe film of said 2nd conductivity type below into 10 atom %, or diode of 
any 1 publication of 2. 

[Claim 5] Said Si substrate is claim 1 characterized by being the 1st conductivity type, or the 
diode of any 1 publication of 2. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the diode which has a high-speed hard flow 

recovery action property. 

[0002] 

[Description of the Prior Art] Conventionally, the diode in which high-speed operation is possible 
is widely used for the purpose of surge absorption of a rectifier or a power transistor in the 
electronic circuitry of power electronics. In the engine performance of this diode, when it 
changes from a forward bias condition to a reverse bias condition, the time amount to which a 
reverse current flows is short, namely, importance is attached to the diode with a high-speed 
recovery property from noise reduction in the above-mentioned circuit, and a viewpoint of 
antisurging. 

[0003] As diode with the conventional high-speed recovery property, Si diode of a pin junction 
mold is used widely. Between p mold of comparatively high concentration [ this ], and Si of n 
mold, it is the structure which sandwiches Si which has high resistance, and the depletion-layer 
width of face of diode becomes large in this case, and high-speed operation becomes [ the 
junction capacitance of diode ] small possible. 
[0004] 

[Problem(s) to be Solved by the Invention] However, since a pin mold takes hundreds of 
nanoseconds or more to the time amount (backward recovery time) to which a reverse current 
flows, a device is required for suppressing this time amount less than [ it ]. In order to shorten 
the backward recovery time, it is effective to lower the life of the minority carrier of a semi- 
conductor layer. For example, the method of reducing the life of a minority carrier and 
suppressing the backward recovery time is well-known doping gold in a semi-conductor layer, or 
by irradiating a high-speed charged particle at a semi-conductor layer. As for the part which 
dopes gold or irradiates a charged particle by these approaches, it is ideal to limit to the near 
field of Si which has high resistance, i.e., the field to which a depletion layer spreads. 
[0005] However, since a gold-doping method is influenced of thermal diffusion, it cannot be 
alternatively doped only on the part of a semi-conductor layer. Moreover, the selective 
irradiation which irradiates a charged particle alternatively at a part of semi-conductor layer by 
the approach of irradiating an electron ray among the charged-particle irradiating methods is 
theoretically impossible. In this case, the withstand voltage property of the diode itself 
deteriorates and it becomes the cause of the leakage current. Moreover, when a proton or ion 
was irradiated as a charged particle, since the particle was large, equipment was very 
complicated, and became high cost, and there was a problem of pushing up the cost of the diode 
itself finally done. 

[0006] It is made in order that this invention may solve the above-mentioned technical problem, 
and it aims at offering the diode which has a high-speed hard flow recovery action property. 
[0007] 

[Means for Solving the Problem] Diode concerning this invention is characterized by providing Si 
substrate, Si film of the 1st conductivity type by which laminating formation was carried out on 
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this Si substrate, and the SiGe film of the 2nd conductivity type by which laminating formation 
was carried out on this 1st conductivity-type Si film. 

[0008] Diode concerning this invention is characterized by to provide the SiGe film of the 2nd 
conductivity type by which laminating formation was carried out on Si substrate, Si film of the 
1st conductivity type, Si film that has Si film or high resistance which is the 1st conductivity 
type and lowered impurity dope concentration rather than said 1 st conductivity-type Si film, and 
Si film which has Si film or the high resistance which lowered this impurity dope concentration. 
[0009] Here, the "1st conductivity type" and the "2nd conductivity type" are the vocabulary for 
expressing simply the junction condition of n mold of a semi-conductor, and p mold for 
convenience, if n mold is called the 1st conductivity type, p mold will turn into the 2nd 
conductivity type, and if p mold is called the 1st conductivity type, n mold will turn into the 2nd 
conductivity type. 

[0010] In this case, as for germanium concentration in the SiGe film of the 2nd conductivity 
type, it is desirable to carry out to under 15 atom % more greatly than 2.5 atom %, and it is still 
more desirable to carry out to below 10 atom % more greatly than 2.5 atom %. It is from the 
following reason to limit the concentration of germanium of the SiGe film here. It is because the 
reduction effectiveness of the backward recovery time will become the property of the SiGe film 
will hardly change to Si film, and is hard to be acquired if germanium concentration is less than 
2.5 atom %. It is because a lattice strain will become excessive, the leakage current will increase 
and the electrical property as diode will come to be spoiled on the other hand, if germanium 
concentration in the SiGe film becomes superfluous. It has become clear that it stops 
functioning as germanium concentration in the film exceeding 15 atom % especially as diode. 
[0011] 

[Embodiment of the Invention] It explains referring to an accompanying drawing about the gestalt 
of various desirable operations of this invention hereafter. 

[0012] The effectiveness of this invention is explained using the example of p mold SiGe / high 
resistance mold Si/n mold Si. When the effectiveness taken below is used for low-concentration 
Si film, the n mold Si film is directly joined to the p mold SiGe and a conductivity type is 
reversed in the further above-mentioned form, in any case, the following effectiveness shows up. 

[0013] In order to lower the backward recovery time of diode, it is necessary to lower are 
recording of the carrier within diode. In order to lower are recording of a carrier, it is necessary 
to lower the minority carrier life near high resistance mold Si of the p mold Si and the n mold Si 
to the high resistance mold Si and a pan. 

[0014] If germanium is added in Si, the life of a minority carrier can be made small. Therefore, 
the carrier life in the SiGe film of p mold becomes short. Moreover, since a difference has SiGe 
in a lattice constant to Si, a lattice strain occurs in the neighborhood Si is [ near ] in contact 
with SiGe. This lattice strain carries out induction of the crystal defect, and has the work to 
which this lowers the life of a carrier. It is thought that the high resistance mold Si film and n 
mold Si film with which SiGe has touched are attained to, and, as for a lattice strain, the high 
resistance mold Si film and the n mold Si near it can keep the life of a minority carrier small by 
this effectiveness. That is, by junction of SiGe, the carrier life of the whole diode is suppressed, 
stored charge is lowered now, and improvement in the speed becomes possible. 
[0015] It is from the following reasons to limit the concentration of germanium of the SiGe film 
here. If there is too little germanium concentration, a membranous property will not be different 
from Si and high-speed effectiveness will become is hard to be acquired. Moreover, it is because 
a lattice strain will become excessive, the leakage current will increase and the electrical 
property as diode will be spoiled, if germanium concentration is too large. The above-mentioned 
numerical limitation is clarified by experiment. 

[0016] (Example 1) The outline cross section of the diode of the produced example 1 is shown in 
drawing 1 . The diode of this example 1 carries out the laminating of the Si film 3, the SiGe film 
2, and the anode electrode 1 one by one on the n mold Si substrate 4, and forms the cathode 
electrode 5 in the rear face of the Si substrate 4. 

[0017] The production approach of the diode of this example 1 is explained. 20 micrometers only 
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in thickness carried out the laminating of the film 3 which has high resistance of the n mold Si 
film with which the membrane resistance value used the chemical-vapor-deposition method, and 
doped phosphorus (P) about 5x1014-/cm3 on n mold silicon substrate 4 of 0.001 ohm-cm. 
Furthermore, 0.4 micrometers only in thickness carried out the laminating of the p mold SiGe film 

2 which doped boron (B) about 5x1017-/cm3 by the chemical-vapor-deposition method on the n 
mold Si film 3. 

[0018] A chemical-vapor-deposition method means the approach of making the semi-conductor 
film depositing on a substrate front face here, by supplying semi-conductor material gas to a 
vacuum housing, making the interior of a container filled with gas, and putting in the substrate in 
the condition of having heated, in a vacuum housing. The mixed gas which mixed the disilane 
(Si2H6) or the silane (SiH4), and the phosphine (PH3) as material gas is used for formation of the 
n mold Si film 3 of which P dope was done. Although P dope concentration of the n mold Si film 

3 is decided by the mixing ratio of the phosphine to a disilane or a silane, in order to obtain about 
three 5x1014-/cm P dope concentration, it is necessary to set PH3 partial pressure / Si2H6 
partial pressure (or SiH4 partial pressure) as about 0.01 ppm. Moreover, the mixed gas which 
mixed a disilane (Si2H6) or a silane (SiH4), germane (GeH4), and diboron hexahydride (B-2 H6) as 
material gas is used for formation of the p mold SiGe film 2 of which B dope was done. Although 
B dope concentration of the p mold Si film 2 is decided by the mixing ratio of the diboron 
hexahydride to a disilane or a silane, in order to obtain about three 5x101 7-/cm B dope 
concentration, it is necessary to set B-2H6 partial pressure / Si2H6 partial pressure (or SiH4 
partial pressure) as about 20 ppm. In addition, the substrate temperature at the time of 
membrane formation is set as 650 degrees C or more. 

[0019] Each of a substrate 4 and the p mold SiGe film 2 was made to vapor-deposit a metal like 
aluminum, respectively, and the cathode electrode 5 and the anode electrode 1 were formed. 
[0020] germanium concentration of the SiGe film 2 was made into pentatomic %. Furthermore, 
the diode which replaced with the SiGe film 2 of p mold with the structure same as an example 
of a comparison as the above, and carried out the laminating of the Si film was also 
manufactured. The chip area of the produced diode was set to 2 25mm. 

[0021] Drawing 2 is the characteristic ray Fig. which took time amount (microsecond) along the 
axis of abscissa, took the current value (A) and the electrical-potential-difference value (V) 
along the axis of ordinate, and conducted comparison investigation of the recovery property of 
SiGe film diode, and the recovery property of Si film diode, the inside of drawing — a 
characteristic ray A — the current wave form of SiGe film diode — in a characteristic ray B, a 
characteristic ray C shows the voltage waveform of SiGe film diode, and a characteristic ray D 
shows the voltage waveform of Si film diode for the current wave form of Si film diode, 
respectively. 

[0022] In measurement here, the current is 4A Passed to the forward direction by the initial 
state, and change of the diode current when reversing the bias voltage of diode at a certain time 
is taken. Time amount until a current value returns to zero again exceeding a zero level in a 
current wave form turns into the backward recovery time. As shown in the characteristic ray A 
in drawing, the backward recovery time of SiGe film diode (example) became about 1 50 
nanoseconds. On the other hand, the backward recovery time of the diode (example of a 
comparison) produced only by Si film as shown in the characteristic ray B in drawing became 
about 380 nanoseconds. It became clear by using the SiGe film that the backward recovery time 
of diode could be conventionally reduced to about 40% of elegance so that clearly from these 
results. 

[0023] (Example 2) The outline cross section of the diode of the produced example 2 is shown in 
drawing 1 . 

[0024] The production approach of the diode of this example 2 is explained. 20 micrometers only 
in thickness carried out the laminating of the film 3 which has high resistance of the n mold Si 
film with which the membrane resistance value used the chemical-vapor-deposition method, and 
doped phosphorus (P) about 5x1014-/cm3 on n mold silicon substrate 4 of 0.001 ohm-cm. 
Furthermore, 0.4 micrometers only in thickness carried out the laminating of the p mold SiGe film 
2 which doped boron (B) about 5x1017-/cm3 by the chemical-vapor-deposition method on the n 
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mold Si film 3. Furthermore, each of a substrate 4 and the p mold SiGe film 2 was made to 
vapor-deposit a metal like aluminum, respectively, and the cathode electrode 5 and the anode 
electrode 1 were formed. In addition, in the range from zero to 15 atoms %, germanium 
concentration in the SiGe film 2 was changed variously, and was produced. The chip area of the 
produced diode was set to 2 25mm. 

[0025] Drawing. 3 is the characteristic ray Fig. which took the germanium concentration in the 
SiGe film (atomic %) along the axis of abscissa, took the backward recovery time (microsecond) 
of various SiGe film diodes along the axis of ordinate, and was investigated about the germanium 
concentration dependency of the backward recovery time of various SiGe film diodes. The 
characteristic ray E in drawing comes to connect the actual measurement plot of the backward 
recovery time. It became clear that germanium concentration decreased by the SiGe film below 
10 atom % as sharply [ germanium concentration is larger than 2.5 atom %, and / the backward 
recovery time ] as about 100 - 150 nanoseconds although most reduction effectiveness of the 
backward recovery time (about 400 nanoseconds) is not seen by the SiGe film below 2.5 atom % 
so that clearly from drawing. 

[0026] On the other hand, when germanium concentration was the SiGe film of 15 atom %, the 
leakage current at the time of a reverse bias occurred, and what functions as diode was not 
obtained at all. It became clear that it is required to make germanium concentration in the SiGe 
film into the larger range smaller than 15 atom % than 2.5 atom % in order to reduce the 
backward recovery time from this, and it is still more desirable to make germanium concentration 
into the range below 10 atom % more greatly than 2.5 atom %. 

[0027] Although the laminating of the high resistance Si film is carried out by the chemical- 
vapor-deposition method on Si substrate in the above-mentioned example, the field of one side 
of the Si substrate 4 is made to diffuse the boron of p mold impurity, and 20 micrometers of high 
resistance Si film with which a carrier consistency serves as 1014-/cm3 may be formed. 
[0028] 

[Effect of the Invention] According to this invention, the backward recovery time of diode can be 
conventionally reduced sharply compared with elegance. If germanium concentration in the SiGe 
film is especially made into the optimal range, the backward recovery time will come to be 
conventionally less than 40% of elegance. 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 
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[Drawing 3] 
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x l 0 1 Vcm 3 K-7'L«:piiS i G effil2£Jff2 
0. 4 nmtcimMLtc, 

[0018] z£Z'it¥9L®mm&ttts M&smic* 

ftnSS l®l3©J&figfC«, iwxtbrmy 50 
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4 

(S i 2 H 6 ) JUtisyy (S 1 H 4 ) t*X7<<y (P 
H 3 ) fc*fi£l,;fcg£;tfX*ffi^5. n^SlM3© 
P Y--mmt >X« is? y K ttt Z *X7 <<y 
©JB^Jtfci-aTttta*^ 5X1 o'Vcm^SO 
P K-7igfi£t#Sfci&fc:ttPH3#E/S 1 2 H 6 #E 

(XttS i H 4 #E) §0. 0 1 ppmafiKRSI"* 
&gtffcS 0 tit. B K-rUfcpS!S lGe«2«i 
jSKti, !MXtLT^7> (S i 2 H 6 ) XfJ->7 
y (S 1 H 4 ) t^^y (G eH4> tiSXyy (B 2 

h 6 ) t*m&Lfcm&#x&m^Zo p^si^2© 
b b'-ymmtiSis? >jut^9 yejw* s?*5 >© 

ii^JtfcJ:oT^SS*V 5x 1 o'VcmSfiafOB 
F-7ziS£f#£ft©fCti;B 2 H 6 #E/S 1 2 H 6 #E 
(XtiS 1 H 4 #E) £2 0 p pmSftftB&-f S&B 
tffc*. ftfc, J«Kl^©»l6iaSttmtf6 5 0TCfiU: 

[0 0 19] 3&K4fcJ:tfpSS 1 Ge^2©§^?t7 

/i/5;i*i»©±$ftajB**ft**is»s#» *v-f 

«§5 fcJ:t>'7/- Fttff 1 *»SLfc. 
[00 20] S i Gel2U)Ge Zlifiti; 5 t L 

ko zzic immtLx±atmm<omm.X' P s©s 

1 GeK2lCfttTS lK*8«l,fc*'('*-FfcSft 
Lfc. imhtc^t- F©7^y7P««2 5mm 2 t 

[0 0 2 1] 02(i«|fili{c^H (v^^nt) fcfctK 
»£MtC*iJStnS (A) feitfttEffl (V) %toT, S i 
Gei^*-HOiJ*;<U1MttS ifl^f*- F© 

T^ttSjlAfiS i Geim- F©*«E*«%, #14 
ttBBS l'ny-f*-F©WBS»t» WffiBCttS i 
Ge»*"-f*-F©«E*»*, ttttSDttS I R^V 

F©ttES^^^-n ; en^-r 0 
[0022] ccTtomfevtowmwR-emfifaKWRL 

E*a»(E«-e-fcfc#©^*-F«K©2fb*i:-3fct. 

TStf-tf o (cS S S T©^M*<jS»75ri6JEia^H i: ft S D 
H't'©Wt«Ae^'rj:5KS i G eM'ft- F 

tt9J) ©attri^0»«iHttfi 1 5oty»k4r?ft. c 
nicw lts*©i# tt© b tc^-r j: 9 ic s i ji^ttTff 

o^-/#tftofc 0 cn6©e«*»6W6*»ft*aK, 

S i G eil*fiJffl1-SC i:CJ:»)^*-F©aWriftEI 

*i$ia*fle*a© 4 o %8Jt $ -pft«T t s c fc mm 

[00 2 3] (^fflCT2) f^SL./-cHfiSffi|2©^*- 
F©«*Kffi*H l fC/Txfo 

[0 0 2 4] 2|^fiSWl2©^*- F©^tSS!?3^4^c■^v^ 
T«-r^ 0 MfiStfilAf 0. 00 10'cmOnSi/'J 

nv»«4±tc, {mfs.®mmm%m^x® cp> *« 
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5X1 0 14 /cm 3 K-7 B LfcnSJS 1 ffit©iggft£« 
?&m3%BZZ0nm1£ltmmis1t. nlS 

im3<D±Mt¥ffflmmmc**)#v> cb) *«5 

x 1 0 17 /cm 3 H-^L/cpSJS 1 G e§f2£W2 
0. 4/im/£tt«/ILfc. Se>tc, St54feJ;0 : pSS 
l G e^2(D§^tc7;l/^-^A(7)«};'5^JB^^n ; P 
tlH»««, *V-F«Si5*«ttf7y'-F«il*« 
$Lfc„ *43, S 1 G eJK2* <DG ejgfifi-tfn*>P> 1 
5 S T*<DiBHT*«4 TfW L fc. « L fc* 
^^-KOf'yTiattZ 5mm 2 fc Lfc 0 10 
[0 0 2 5] H3(iWttti:S 1 GeK+oy/l'^-fA 

tt#ttfc^TH^fcWte*HT?&*. Hf©1$tt«E 
&3o H^ftWe^a^dK:, GeiSS*<2. 5117% 

fitTos i g emx-irmmmmmm (^4oot/ 

f» Ofi«B»*«»if*6tl*V^ Ge»a*<2. 5 

1 OJBRWFOS i G eUTttSfiTEr 20 

AHimmtf» ioo~i 5 o^/»fc*(itcfiar* 

[0 0 2 6] -73, GelSAM SB^KOS i Gel 1 

M'WTxmomnwtetffi&u s-?tc< 2 

C fcj&»6j!to5rtiEHW9M*fiK«-**fci6»c« SIGe 4 
Hfp©GeigS^2. 5l?%<tWt< 1 5fl?%J: 5 



[0 0 2 7] ±BttSWx»ttS i «g±Kft*«ffi«HI 
iST'iggtaS i«*8WLT^S#, S lSffi4<7)-73 
«©ffifcpS ;! F>fi1!l©#Dy%a;tts-&, *+U7ffi« 
tfl 0 1 Vcm 3 taSMtaS i S^2 0)imMl/ 

[00 2 8] 

«fKS i GeS^coyyl/T^^AiStt^ajglEfflJC-rs 

t, jS73(RiiH]«^iig*^* n c aco4 o%^Tins«fc^{£:a 

So 

[Bn&OffiWttttillJ] 

[01] *«WO*MHI5»K:ff*^-f*-KO«aB*zft 



[02] ^fa@»$©Wlt/mBa*ttK:-3V>T*i 



[0 3] S i G eM^*-Ffcfc»t5i&&foH«l*|H 

••TV- KM, 
•■ S I Ge%, 
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[03] 



500- 




StQeH*»Qea* i.»=f-%) 



nzmmm mm is 

*iRf(i*.m%.&}mmm3Ts i #56 



